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TIME-HISTORY DATA OF MANEWERS PERF0RME;D BY 

AN F-86A AIRPLANe DURING SQUADRON 

OPEX&TIoNAL TRAINING 

By Campbell  Henderson, James Thorntan, and A l t o n  Mayo 

Preliminary results of one phase of a control-motion  study program 
are preaented in  the form of plots of load factor.and  angular  accelera- 
t ion  against indicated  airspeed and of time histories of aeveral measured 
quantities. The results were obtained from 197 maneuvers performed by an 
F-86A J e t - f i e t e r  airpla.ne .during normal aquadmn operatianal  training. 
Most of the tact ical  maneuver8 of which the F-86A is capable were per- 
formed a t  pressure  altitudes  ranging Arm 0 t o  32,OOO feet  and at indi- 
wted a i r spees  ranging from 95 t o  650 miles per hour. 

The present methods of determining tail-surfice desi@ load8 
require, among other  things, a knowledge of the control-surface motion. 
In the usual  methods, control-surface motions or  load-factor  variatime 
with time are  specified so as t o  obtain maximm design l d e ;  however, 
the actual control motions and load-factor  variations  obtained Fn regular 
operational flylng may differ  appreciably from the specified variations. 

In order t o  gain Information on the  .actual  control motion ueed in 
flight, the National Advisory Committee f o r  Aeronautics Fn cooperation wf. t . ~ - ~   he U. S. A i r  korce and the Bureau of Aeronautics i e  conducting a 
control-motion study program directed tmfi obtaining sample measure- 
mente m several  fighter-type  airplanes of rate, &mounts, and combina- 
tions of control motione used by service.pilots i n  c-ng out regular 

under th ie  program. From the r e s u l t s  obtained it may be possible t o  
.apecif'y more practical design criteria  for  tal l-surface loads based, on 

t operationalmissions. References 1 &nd 2 are the first paper8 wrttten 

'f i ' 

. .  urrace motiona. This procedure could result  
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in weight saving, increase in performance ,and, i n  addition, the infor- 
mation obtained would be u s e w  in the desi@pof airplane control boost 
systems. 

. .  

This paper cqc1ud.e-s. the collectian of d a ~ .  on t he  F-86A airplane 
begun in reference..&. ~n Or& t o expedite  the  presentation of the 
data, only a summiry analysis i s  included t o  .shF.gwimwn or  c r i t i ca l  
values. The summaly of. the results of r e f e g c e .  1. are also included 'so 
that all  af the .&&ilable data on the. ?-8&..&y be dispJayed. A cam- 
parison with the results from 'the Fa-2 airplane of reference 2 is also 
included. 

Standard NACA photo.mphic h8tI'UBE~tS used.€o-record (1) the 
qu'antities defining' flSght.  carditions L that- is, "airspeed, altitude, 
s h t -  position,. and .$$e-h-b'lralre position; (2) the _fiqpps.ed cbntrol-aurface 
motione; and ( 3 )  .the response pf the &rpI&ne ' i n  tern. OP angular veloc- 
i ty,  load factb";s, the  siaesup. angle. -@e. kculders.: w e r e  synchro- 
nized at 1-second .filtertrals-.by &am' of a c ~ o n  .tinting circuit.. The 
film capacity..of the ya.rious instnimegt,s a1lcye-l 80 minutee of flight t o  
be recorded. This amountj  of. time.&s usually .enough t o  rixo133 the com- 
plete flight. I n  o&er : to ;relieve the p i lo t .  of ' a n y .  recolding-Instrument 
switching procedure, and thus assist in obtaFnfng normal cYperationa, a 
pressure switch was used to turn on automatically  the  recording Fnatru- 
ments at  an indicated airepeed, of approxfmately 90 miles  per hour. With 
the exception of the three-campofient accelerometer, which was Fn a fzree- 
lage access camp&ment.ab&e the wing,, the.recoding inatiwwnts were 
mounted in the. nose- gectim;' - 

-. -. . . . 

. .  . - - .. - .  . .  - - .  
. .  

. .  . . 

A stand&- t7P;-cen: p&sure recoder' .F&&t-s:'tu- the airplane 
service system was used t o  measure the a l t i tu~e~:& 4regeed.. The 
service system .e&loyi'a t&al-pressur& tube .located In- the ncwe inlet 
and fluah static-press&.  orificea on bath siaek of the lower fuselage 
forward. of the wing root. (See fig. 1. ) 

:i . L , - .  

Microswitches were- used on the fight speed b&e and slat t o  indi- 
cate  the f b l l y  closed gbsitian of -these surfaces; The, 'control-surface 
anglee were meaeured by %ransmitters installed .at- the control .surfaces. 
The elevator, rudder;. atid stabilizer  trans-pitters *re Installed inside 
the tail fairing t o  t&e:-&asurementa at the m e r  hinge. me trans- 
mitter for the  right aileron was located e*ei%illy o n  the wing a t  
approx€mtely.  the aileron- mibpaa. 

. : - .  

.. . . -  . .  . . I.. . . .  . ... 

Angular velocikl%s-' were .recorded about three- nirtually perpendicular 
a x e B  in which the reference  fore-and-aft axis f a  the ane commonly used. 

k. .. 
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for leveling  the  drplane. (See fig.  1.) The load factors  along these 
axes were recorded by an air-damped  three-compon'ent accelerometer 
located in the  fuselage 3.4 feet  forward, 1.3 feet above, and 1.8 feet 
t o  the left of the -pressured cent& of gravity"with Full fuel. 

. . . . .  . .  

SFdeslip  angle w&s measured during  the first two flights by a vane 
mounted m a boom extendwk forhard from the lef t  wing.  The  measurement 
of sideslip  angle was interrupted by m&hanical difffcul t ies  and was not 
resumed. until   the -last two flFghts, when the n e  was mounted on the n o ~ e  
of the  airplane. 

.. 

The estimated  accuracies of the recorded quantfties based. on instru- 
ment accuracy, the range and frequency of the  instrument, asd a reading 
accuracy of 0.01 inch  are as f o l l m :  

F-% A 
Indicated  airspe&2.. . V i ,  miles per hour . . . . . . . . . . . . .  ' 55 
Pressure  altitude, Hp, feet  . . . . . . . . . . . . . . . . . .  +5O 
Control  position,  degrees . . . . . . . . . . . . . . . . . . . .  20.5 
Normal load. factor +0.1 .Os 
Longitudinal @I@ transverse load factor . . . .  -. . . . . . . . . .  f O . O 1  4 .Of. 
Rolling  angular  velocity, rad ian8  per secod  . . . . . . . . .  -. 50.1 
Sideslip angle, degrees 50.3 

" . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pitching and ya&g angular  veIocity, r a d i m s  per second . . . .  f0.02 

. .  . . . . . . . . . . . . . . . . . . . . .  
All the recordFng instruments were damped t o  about 0.65 of c r i t i c a l  

damping.  The natural  frequencies of the elements in  the three-component 
accelerometer were. selected t o  give the beat catpromise value which would 
minimize the magnitudes of  extraneous  vibratoIy  acceleratfona and st i l l  
give a correct  respons,e.to  the maneuver acceleratiane. 

. . .  . . . .  

In  order  .to  expedite  the  presentation of time-history  resulte, a l l  
the instruments were adjusted to  specified  eensitivitiea and the film 
d m  were adjusted so that they ran a t  the -same constant speed. Thus, 
i n  many cases, it"was possible t o  trace  the r e c o d  l ines  directly onto 
the data sheete. Those records on w h i c h  ei ther  the film speed had devi- 
ated from the  selected standard, o r  in which it wae desired  to change 
the sensitivity  for  the purpose of  showing the  data  better, were proc- 
essed on a special photographic enlarger which made it possible  either 
t o  shrink o r  . e x p g d  either  the  verticEtl.or'horizonta1 dimension of the 
film indep.endegt1y of each other. By means-af t M e  device  the  details 
of the film reco- ar&-inore accurately reprdduced in  time-history form. - .  . .  

The F-864 ai-rplane used i n  theae teata .was essentially  the same as 
the airplane used in reference l.'+!?he .external appearance and the w e i g h t  
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and halance of the  airplane was altered as- little 88 poaeible by the 
addition of  the  inetnmentatian. A three-view drawLng.of the 3'-864 air- 
plane is  given in figure 1 and its ckr8cterfstics  ai%-g€?en  in table I. . . 
The  moments of iner t ia  given i n  table I a&esCimated values made Fn 
accordance with the latest informatian  available. 

The tes t s  were conducted during  the m t h a  of Febm&ry t o  April 1951 
and consisted of sev-teen n o m 1   o p e d t i o n a l - t r a i m  Fl ights  and two 
requested fl ights in  which  the  pilot  was instructed t o  do specific meseu- 
vers. The operatianal flights included  familiarizat&n,  aerobatics, 
bombing runs, dog fights, and . k n  engine-test flight. The maneuvers per- 
formed durlng operational 'flights consisted of turns, Uvea and diving 
pull-outs,  pull-ups, slow rolls,  barrel rolls, .loops, Immelman tu=, 
lazy eights, wing-overs, and s td ls .  . The. airplane was flown a t  a l t i -  
tudes f a x i n g  from 0 t o  32,000 .feet and at airspeeds ranging f r om 95 t o  
650 miles  per hour. 

Five pilots  participated in  the teets  during which the airplane 
flown f o r  approximately I1 hours of rec0-d. time in which were included 
approximately 3 hours of maneuver time. No attempt was made In any way 
t o  specify  either the type or  the severlty of the maneuvers. Since the 
pilots were not t o  be identified  with the I.esults, they were imtructed 
t o  handle the a i r p b e  normally and were assured that the inetnunentatlan 
would not res t r ic t  . t h e m  i n  any way. 

MEIXOD AND RESULTS 

The results of this flight program ar& presented ~ ~ Y f i g u r e S  2 
t o  229. A l l  the maneuvers performed during  the  operatianal flights plus  
three landings are presented in figures 2 to 201 88 time histories of the 
measured quantities. The maneuvers performed during the two requested 
flights are presented i n  figures 202 to 224. Data from these two flight8, 
however, are not included i n  analysis figures -225 to 229. 

A comparison  between the noma1 load factors obtained in these  tests . 

and  the operational V-n diagram for  . t h e .  F-86A is presented i n  figure 225. 
The maximum t-mnsverse load factors and the  corkpondlng  indicated air- 
speeb  are presented in figure 226. The variatiorr of. maximum pitchbg, 
rolling, and yawing angular acceleration  uith.indicated airspeed i B  sham 
in figures 227,  228, and 229, respectively. Da ta .  from reference 1 are 
also included in  figuree 225 and 227 t o  in order t o  make them more 
complete. 

A l l  the maneuvers performed during the 19 f l ights  a& presented i n  
Mgures 2 t o  224 as time historiee of the  peaswed  quantities. Included 
i n  the legend of the  time-history f igure8  i s - a  claeslfication of the type 

? 
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of maneuver, estimated  airplane weight, and eatinrated flight center-of- 
gravity  location. The chsaif icat ion of the maneuvers was of necessity 
done in  a general  sense  since It was sometimes di f f icu l t  t o  determine , 

f'rom the  f l ight  records  exactu-the type of maneaver performed. Some 
of the standf~rd  maneuvers are defined in reference6 3 and 4. The in- 
night airplane Weight and center-of-gmvity  location were estimated on 
the basis of t h e   t o t a l   m u n t  of f'uel used and the   to ta l  time of the 
flight including warm-up, taxydng, and .actual fliat. 

In  the time histories, load  factors associated with forces  acting 
up, forward, and t o  the  left  are  positive. Nose  up, nose right, and 
right wtng down are  positive  for  the  pitching, yawing, and rol l ing 
angular  velocities which are given in radfans per second. No correc- 
tions have been mule to   t he  load. factors f o r  the effect  of angular 
velocities  or angular accelerations due t o  the displacement of the 
accelerometer from the  center of gravity. 

The airepeed used i e  an indicated airspeed which is  defined as the 
reading of a differential  pressure  airspeed  Indicator,  calibrated in 
accordance with the  accepted standard adiabatic formula t o  W c a t e  true 
airspeed,for  atandard sea.-level conditions o n l y  (uncorrected  for  instru- 
ment and installation errors) and the  alt i tude i s  the NACA standard pres- 
sure altitude. The c-antrol  positione shown i n  the  time-hfstory figures 
were measured with respect t o  the  neutral  position of the  surfaces except 
f o r  the  stabilizer  position which was measured with respect t o  the zero 
position of the cockpit  indicator. Only the right aileron  position was 
measured. 

The sideslip angle Shawn i n  the time histories is the  angle between 
the airplane  longitudinal a x i s  and the  relative dnd. Right sideslip 
indicates  that the reiative wind is' from a direction t o  the  right of the 
airplane's longitudinal axis. P e r i d s  during which the  right wing slat 
and speed brake were open are indicated in the time histories by arrared 
lines. 

The time histories are armnged in tU.6 paper  according t o  the 
maneuver claesification sham in table 11. The l& factors shown i n  
f i g u r e 6  225 aad 226 are maxSraum values taken from the time histories. 
The  V-n envelope e h m  in  figure 225 by the dashed and solid  lines are, 
respectively,  the limit envelope and the  operational  llmitatians  for the 
test   airplane as specified by A i r  Force technical orders. The load- 
factor  test   points shown in  figure 225 were selected f r o m  the time histo- 
ries so as t o  give  the  fullest envelope, and the  values s h m  are without 
correctfans for angular velocity o r  angular  acceleration  since the cor- 
rections were  found t o  be small. The maximum transverse l a d  factors 
s h m  in figure 226 are  corrected only f o r  the  effects of rolling angular 
velocities and accelerations. 
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The maximum angular accelerations showl-in flgures 227, 228, and 
229. were obtalsed from the slope o f  the apprapr+ite: w a r  veloclty 
curve in  the time hisetorles. The accelerations  selected  &re  the maxi- if - -  

mum valuea occurring in each pmtian of thie-. curves where there exlated 
values of accelerati&s-larger than a : q s h o l d . v a l u e  of approximately 
0.1 radian  per second per second f o r  pit.ch and .yaw and 0.5 &Ian per- 
second per second f o r . r o U .  

.. . 

DISCUSSION 

Although this -inveetigatim x88 limited t o  .relatively f e w  hours of 
. .  

actual f'IyingJ the data obtained repreBent a cross-section of the maneu- 
v e r ~  performed"dur€ng operatianal.  training and iaclude  a.+jority of the 
tact ical  maneuvers used. . .  "" 

. .  . .  
. . . - . . . 

The highest  poeitive  value of normal load . factor  &?sf&& on this . 
airplane was about 5.3 which occurred i n  'an- fnclimd- ldop and in sev= 
era1 pull.-ups. (See figs. 34, 44,. and -81.)- 'Hmever, . palqe-g of about 6 
were  measured in pull-ups the airplane -of reference 1. (See 
fig. 225, ) The largest   negative-nom1 la= factor  &amred, -0.2, was 
associated wlth the recovery from a :pull-up. -. (See- f ig .  14. ) It can be 
seen in  figure 225 .that  the-  operational limits- fqT -combinatioas of I& r 
factor;  .drspeed, and alt i tude .were not'  exceeded-a- any sfgfdficant 
amount except . I n  the luw airspeed range-from .100 t o  lp miles per hour, . 
Those values of the ldaa f8ctor which exceed the solid b-aries in . 

this speed range are, however, generally  associated vi th  large values of 
the  pitching  velocity. (See figs. 28, 29, 35, and- 38. ) This r e s u l t  is  
not- unexpected s ince- i t  i s  known that the LiFting-capacity of a ving is 
increased a t  higher  -rates of pi.tching-.velocity. 

. .  . "  "1 

. .. 

. .. . .- 

" 

. -  - 

- I  . $ 
- 

. -  

The largest rates and amounts of. elev-atbr.-mw-ntg. measured.. ..' .. .. . . -- 
. .- 

occurred during landings a;Sa- mane.uvers such- as "%& tu rns ,  loops, 
stalls, turns, and recovery from dives-. me largest pos~tfve  elevator 
movements occwred ia ~oopa ,  s taU8,  split-S, - . t u r n ,  and landings. (See 
figs. 29, 50, 198, and 201. ) A t  least two ppull-ups. were made using the 
stabilizer. (See figs. 14 and 21. ) .The large& negative  elevator move- 
ments occurPed in ptmh-downs, split43 maneuvers, dives, and turns. (See 
fige. 21, 511.- 54, and 121.. ) The largest  .negative rates of elevator 
movement occurred in  split-S maneuvers; tu-, stalle, and l a n d i n g s .  
(See figs: 51, 123, and 199. ) , 

- X "  
The largest positive pitching  acceleration  -obtained in these "kefs 

was 1.2 rdi-anrr per secbnd per second Occurred in a 8harp right turn 
(see  fig. .l32) a t  an -indLcated airspee8 03' 330 m i l e s .  per hour. 'The 
greatest  negative'  pitching  acceleration, -1.33 radian8 _per s e c d  per 
second, occurred during  the. sine sharp-right turn at  an indicated 

.. "~ 

. " 

I( 
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airspeed of 320 miles per  hour. A maximum value of -1.55 radians per 
second per R ~ C &  was obtained during a ragid  recovery from a pull-up 
on the  airplane of reference 1. .. (See fig. 227. ) 

The.maxFmunr rolling  accelerations  obtained in theee tes t s  occurred 
a t  about 400 miles per hour indicated  airspeed, and amounted t o  +5.3 
and -7.5 radians- per second. per s e c d .  r o u i n g  accelerations 
decreased above and below 400 miles per hour indicated  airspeed. The 
maxtmwn r o y i n g  velocity, 2.4 r a d i a n s  .per eeccmd, occurred in a barrel 
roll (fig. 80) a t  an alt i tude of- approximately 20,000 feet  and a t  an 
indicated. airspeed a f  307 mile8 -per hour. This mxirnu~~ is samewhat 
larger than the maxim, 1:.7 a t  390 knots, .obtaFned in refe-rence 2 for  
a straight-ving  Tighter aiyplane with an average f l ight  weight 0-f 
approximatem 16,000 pounds. 

The maximum p o ~ i t i v e  yawlag acceleration.in  the  operational  teeta 
(fig. 229) occurred at about 350 miles per hour i n  a gentle cUmbing 
tu rn  -and was 0.6 radian per Gecand per second. The maximum negative 
yawing accelerat~ane were also a&ut 0.6 d i a n s  per second per second, 
and were obtained a t  325 and 525,miles per hour i n . a  barrel r o l l  and 
ri&t turn, respectively. 

The  maximum transverse l d  factors measured were 0.35 and -0.54; 
both of these  .values  ~ccurred. during barrel rolls. (See fig. 81.) 
However;when the angu* velocity and acceleration  corrections  are 
applied t o  these  values, the maximum transverse l& factors became 
0.24 and -0.44. An examination of figure 226 shows that leseer  values 
of the maximum transverse load factor occur much more frequently. 

From examinatlon of the tfme-history figures  for a given maneuver 
classification it may be Been that,  in  general,  the  barrel r o l l s  Fncor- 
porated modemte..elevator-~movements, e m 1 1  rudder,mavementa and mderate 
t o  Large ailerm movemeate midi were ofien made at-high rates. All 
three  angular  velocitiee  were-izi h o s t  case8 high, but i n  any particular 
barrel r o l l  any one of the  three mag have deviated  greatly from the 
mount  normally found i n  the- maneuver. Angular accelerations were 
ueually high, but i n  most case8, the normal load factors were small. 

The  more severe  dive  pull-out8 involved movements o f  the  stabilizer, 
speed brake, and the  elevator. The amount of  elevator  required t o  
execute the recovery from the  dive was, in BOIE cases, considerably 
reduced by the use of- the  etabilizer and by the opening of the speed 
brakes, A s  the normal load factor approached the limit  value o f  6, high 
rates of elevator movement  were u s e d  t o  prevenk exceeding the oper- 
ational limit. 
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The chandelles were perfonned a t  high speeds -often with high n o m 1  
load factors. The control motion rates and amounte w e r e  moderate and no 
excessive  angular  velocitiea ar acceleratians occurred in the maneuver. 

The turns were performed a t  various normal load faitors up t o  a . 
maximum value of about 4. Large aileron displacements and rates of m m -  
ment  were used i n  some of the tu rns  and in some of the  high load factor 
turns ,  high elemtor  rates were also used. 

The split-S maneuvers were Initiated at low alrrrpeeds and usually 
the speed brake8 remained open throughout the maneuver. N o m 1  load 
factors of about 4 were obtained  during  the pull-but a t  the end of the 
maneuver. Large aileron mwements and high  rates of aileron and ele- 
vator movement  were encountered in  the maneuver. 

The loops involved large  airspeed and alt i tude variatiom, but only 
moderate load factors were impost%l on the ai.%plane. Aileron . a n d  rudder 
dieplacenk?~~tS were usually small except in  the  cases where, at the  top 
of the loop, the airplane approached the S I X L L ;  then, moderate  amounts 
of aileron .and rudder were used' to. hold the  airpiane i n  the maneuver. 
Large elevator displacements were encountered but movement rates were 
usually low. 

The Immelman t u rns  w e r e  inftiated-at  various  airspeeds and the 
maximum n o m 1  l a d  factors encountered in  the maneuver  depended  soine- 
what on the lni t ia l   s i rspeed.  In the more severe Immelman maneuver, the 
operational normal load factor limit-was in  several case6  Cl06ely 
approached. Moderate to  large  aileron displacements were used. in  the 
ha l f - ro l l  recovery, but rolling  velocities were usually low. 

The landings Fn the cases recozded involved large  elevatcr  displace- 
ments and rates of movement, moderate' t o  large amounts of Btabilizer 
movement, and small t a  moderate  amounts of rudder motion. H i g h  aileron 
movement rates were often used a t  the'beginning of the  turn for the final 
approach. 

A cornparfaon of t i e  summary figures of reference 2 a ~ d  those of this 
paper shows that for both airplanes  the main concentration of pofnts of 
maximum angular  acceleration  occurred i n  approxinaately the 8ame airspeed 

F-86A airplane obtained higher m a x i m u m  values of pitching and rolling 
acceleration and approximately the same maximum values of yawing accel- 
eration and normal load faceor as were obtained w i t h  the F2H-2 airplane 
reported i n  reference 2. 

?=we The comparieon also sh&s that these  test  conducted with an 
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wing: 
TOW1 B E E  (indLuding f h p 6 ,  Slat.5, an8 49-92 Sq fi COVd by fUEelage), Sq f% 287.90 

" . . . . . . . . .  
s p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37.12 
Aspectrat io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.785 
Taper r a t i o .  0.513. 
Mean aercdynamlc chord (bing s ta t ioa  @. 71 measud nOzlhal t o  e e n t e r . w e ) ,  in .  97-03 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  
Bweepback of 0.25-chord line, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35.a- 
Incfdence of root chord (ving s t a t i m  0), deg . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 
Incldence of tip chord (xlng stat ion =.€I), deg . . . . . . . . . . . . . . . . . . . . . . .  -1.0 

(noarmd) 
D i h e b r a l , & g . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.0 
Root a i r foi l   sect ion (normal t o  O.-&ord l i n e )  i . . . . . . . . . . . . . . . . . . .  HIlCA OOlS64 

Tip  Sir fo i l  SeC'kioa (normEl t o  0.25-ChoI.a line) . . . . . . . . . . . . . . . . . . . . .  HACA 0011-64 
( M o d i f i e d )  

Mlemn  s ta t ic   cca t ro l  llmlts, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  219 
A I ~ X Q I  alps (ea.&), sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! . . . . . .  18.6 

Distance f r a t  reference datum (nose) t o  leading edge of ID& E 0 r o d y n a m i C  chord, in. . . . . .  m.26 
HorieontaL tailt . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  

~ o t a l  area (includes 1.20 aq ft cove- by f~aw), sq ft 34.99 . . . . . . . . . . . . . . . . . . .  
span, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .12."5 
Mean ae-c chd (horizontal-tall  skiti& 33.54 in. 1, hil . . . . . . . . . . . . . . . . .  34.p 
Sweepback of 0.Schar i l  Line, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34.59 
D i m ,  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.0 
Airfoi lMctian(paral lCLt0centerLCne).  . . . . . . . . . . . . . . . . . . . . . .  ~ ~ 0 0 1 0 - ~  

Elevator area (each), sq ft 5.05 
Tail length (0.2% t o  O . e t ) ,  in. 217.5 

mevator  static  ccmtrd limits ( f rm neutrd position), deg - 
up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
 own 17.5 

L . E . u p  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.25 
L . E . d o v n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

. . . . .  
- .. 

. . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stabilizer  cmtrol  l imits (fran neutral gDslticm), &g - 

vertical tau: - - . . . . . . . . . . . . . . . . . . .  . . .  

T M .  E I - E ~  (iacludes 0.93 aq ft cowered by fuselage, excludes 3.96 a q  fi dorack fid), sq ft . . 33.44 
span (uncavereb), ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . .  7 . p  
Height frca ground, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14.s 
Sweepback of 0.25-610d Line, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39.0 
Rudder area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.1 
m e r  stat ic   control  1Fmlt.9, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tn.3 

Fuselage : 
T O t a l . l e n g t h ,  in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $12.41 
Maximum vldth,  in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60.0 

Fineness  ra t io  . . . . . . . .  ; . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . .  6.59 
Ha~depth , in .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60.75 
Speed brake ares (effective area, both sides) , sq ft . . . . . . . . . . . . . . . . .  8.6 

" 
. .  
. -  

i 

" . @  

Paver plant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  General Electric 5-47 

Airplane serial number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  AF4+1&5 ..... 

Ycaeured airplane. wight ( fu l l  fuel), lb . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14,223 

. .  
-. 

- .. 

. . . . . .  

Heasured airplane center-of-gravity position (full fud, gear d m ) ,  percent M.A.C. . . . . . .  29.75 
A i r p l a n e  design gross velght for stress Bnalysis (mcJsete in], l b  .......................... 13,399 t 
Approximete mcments of inertis about reference axes through center of p v i t y  of airplane 

(wei@t 13,395 lb, gear up, rockets in), slug-ft2: 
P i t c h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . T l , 9 3 0  
Yaw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 ,  4~ 
Roll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7,880 
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Operational maneuvers: 
Lazy eights . . . 
Chandelles . . . . 
Dive and pull-outs . 
Loops . . . . - . . . 
Immelman turns . e . 
Wing-overs . .. . . . 
Barrel rolls . . . . 
Fishtails  . . . . . 
Stalls . . . . . . 
Landings . . . . . . 

Split-s . . . e 0 . 
Turns . . a * . . -  

TABZ;E I1 

MANEUVER CLASSIFICATION 

. . e . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . .  d . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . e . . .  

. . . . . . . . . . . . . . . . e . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  

Figure 

2 to 6 
7 t o  8 

g t o  26 
27 to 36 
37 to 44 
45 t o  48 
49 to 55 
56 to 93 

94 to 194 
195 

196 to 198 
199 to 201 

Requested maneuvere : 
Sideslips . . . . . . . . . . . . . . . . . . . . . . . . 232 - t o  212 
Piahtails  . . . . . . . . . . . . . . . . . . . . . . . . 213 t0--216 
Brrel ro l l s  . . . . . . . . . . . . . . . . . . . . . . . 217 t o  220 
Turns  . . . . . . . . . . . . . . . . . . . . . . . . . . 221 t o  224 , 

1 

I 
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Figure 1- w e e - v i m  drawing of teat.airplane, - 
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Figure 2.- h z y  eight. A i r p l a n e  weight, 13,250 pounds; center-of-gravity 
l o c a t i m ,  20.9 percent of the mean aerodynamic chord. 
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Figure 2.- Concluded. 
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Figure 3. - Three loops of a lazy eight. Airplane weight, 13, TOO pounds; 
center-of-gravity location, 20.8 percent of the mean aerodynamic chord. 
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Figure 3.- Continued. . ". 
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Figure 3.- Concluded. 
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Figure 4.- .Lazy eight. Airplane weight, 13,600  pound^; center-of-gravity 
location, 20.9 percent af the &an aerodynamic chord. 
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Figure 4.- Concluded. - 
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Figure 5. - Concluded. 

21 

t 

P 



22 NACA RM L W 1 9  

. .  

Time, sec 7 



2 3 .  

F 

Time, sec 

Figure 6.- Continued. 
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Figure 6.- Concluded. 
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Figure.7.- Chandelle followed by a right turn. A i r p l a n e  weight, 
12,950 pounds; centerAof-gravity location, U . 3  percent of the 
mean aerodynamic chord. 
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gure 9. - Dive and pull-out foLlm-d 'by a- c l d b i n g  .lef't turn. " - . 
weight, 13,950 p o ~ d s ;  center-of-@avity- location,. -21.1 p r o  
the mean aerodynamic chord. 
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.are 10.- Turn entry in to  a dive, pull-out, a d  climbing right 
Airplane weight, 13,450 pounds; center-of-gravity  location, 2 
cent of the mean aeradynamlc chord. - 

x 1 0 3  I 

turn. 
1.2 per- 



2 
>- 

t 
i: 
s 
!= 

Time, sec 

t 
. .. 

. Y  

" 

? 



MACA RM L5X19 31 

4 
w- 

Y 

P 
3 

IO 

8 

6 

4 

6 

5 

4 

3 a 
4 
0 

8 4 
4 8 

12 
8 
4 
0 
4 
8 
12 

6 

4 

2 

0 

.2 
. I  
0 

:I 
-. 2 
.I 
0 

- I  

Time, sec 
i 

X lo3 

t 

p' 

-8 

Figure 11.- Dive &d pull-out followed by a climbing l e f t  turn. Airplane 
weight, 13,600 pounds; center-of-gravity location, 21.2 percent of the 
mean aerodynamic chord. 
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Figure 12. - Dive and- pull-.out, follawed by a ro i l ing  climb d. turn entry . 
into a dLve. A i r p l a n e  w e i g h t ,  13,730 pounds-; ~centar-of-gri3'vity 
location, 21.1 percent of the mean aerodynamic chord. 
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Fi .gure 13. - Dive and pull-out, f ollarecl . bs; a ro l l ing  climb and t 
into a dive. A i r p l a n e  weight, 13,830 pounds; ..center-of-gravi 
locatian, 21.1 percent of.. the mean aerdynamic chord. 
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Figure l3.- Concluded. 
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Figure 14.- Concluded. - 



38 NACA RM L5X19 

Time, sec- 

Figure 17.- Dive, pull-out, and left and right: h a l f - r o l l f l f "  A i  
weight, 12,900 pornas; center-of-gravity location, 21.0 per 
the mean aerodynamic chord. - 
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Figure 16.- Dive and pull-out. Airplane weight, 13,800 pounds; center- 
of-gravity location, 20.8 percent of the mean aeroaynamic chord. 
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Figure 17. - Dive and pull-out. . Airplane h&t, 13,630 po.mds; center- 

of-gravity location, 20.9 percent. o f  the mean aerodynamic chord. 
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Figure' 18.- Dive and pull-out. Airplane weight, 13,450 PO-8; center- 
of-gravity locatlon, 20.9 percent of the mean aerodynamic chord. 
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.@re 20.- Turn entry in to  a dive, pu l l -ou t ,  and sharp right turn. 
Airplane wel.ght, 13,35O,pounds; center-of-gravity location, 20.9 per- 
cent of the mean aerodynamic chord. 
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Figure 21.- Turn entry intd a dive, pull-out, and climbing lef t   turn.  
Airplane weight, 13,500 pounds; center-of-gravity location, 21.2 per- 
cent of the mean aerodynamic chord. 
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Figure 22.- Turn entry in to  a dive and pull-out. Airplane w e f g h t ,  
13,350 pounds; center-of-gravity  location, 26.9 percent of the 
mean aerodynamic chord. 
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Figure 23.- Dive. Airpl-me weight, 12,400 pounds; center-of-gravlty 
location, 21.1 percent of %he mean aerodyllElmi6 chord.. 
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Figure 25.- Roll &try in to  a dive and pull-ou€. Airplane weight, 
l3,5w pounds; center-of-gravity location, 20.9 percent of the 
mean aerodynamic chard. 
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Figure 26.- Pull-up i n to  a clFmbing turn,  roll entry into a dive; pull- 
out and slow roll. Airplane weight, l3,lw pounds; center-of-gmvfty 
location, 20.9 percent of the mean aercdynamic chord.. 
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Figure  27.- R o l l  entry into a dive and pull-up into a loop. Airplane 
weight, 13, n o  pounda; center-of-gravity  locatian, 20.8 percent of 
the mean aeroayaamic chod. - 
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Figure 28.- Roll entry into a dive and pull-up Into a loop. Airplane 
weight, 13,200 pounds; center-of-gravity location, 20.9 percent of 
the mean aerodynamic chord. 
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Figure 29.- Loop. Airplane w e i & t ,  E,3OO pounds; center-of-gravfty 
location, 21.1 percent of the mean aeroaynamic chord. - 
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Figure 29. - Concluded. 
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Figure 31. - Ealf loop with r o l l  entry Fnto a diving turn.  Airplane 
weia t ,  13,300 pounds; center-of-gravity  location, 21.2 percent 
of the mean aerodynamic chord. 
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Figure 32.- Concluded. 
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Figure 33.- Loop. Airplane weight, 12,550 pounds; center-of-gravity 
location, 2l:l percent of the mean aerodynamic chord. 
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Figure 34.- Inclined half-loop with a quarter ro$I redwee. A i r p l a n e  
weight, 13,250 pounds; center-of-gravity location, 20.9 percent of 
the mean aerodynamic chord. . -  
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Figure 35.- A loop followed by an lmmelman turn. Airplane wefght, 
13,000 pounds; center-of-gravity l o a t i o n ,  21.0 percent of the 
mean aercdyaamic chord. 
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Figure 36. - Two loops followed by an lmmelman turn. A i I p l a n e  weight, 
l3,lw pounds; center-of-graqity location, 21.0 percent of the mean 
aerodynamic chord. 
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Figure 37.- Immelman turn. A i i p l a n e  wei&t, 13,400 pounds;. center-of- - 

gravity location; 20.9 percent of the mean aerodymmic chord. 
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mgure 38.- Iinmelman turn. Aifpl&e weight, 13,3-50 pounds; center-of" 
gravity location, 20.9 percent of the mean aerodynamic chord. 
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Figure 40.- Diving left t u r n  g ~ 3  pull-up into an Immelman turn. Airplane 
weight, 13,000 pounde; center-of-gravity locat ion,  21.0 percent of the 
mean aerodyna;mic chord. 

. .. .. 



NACA RM ~ 5 2 ~ 1 9  

X lo3 

t 
p' 

. .. 

5- 

." 
" 

. .. . 

E .P 1a " . 

a 

." . 

Time, sec 

Figure 40. - C o n c l u d e d ,  
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Figure 41.- R o l l  entry into a dive and pull-up into an Lmmelnran turn. 
A i r p l a n e  weight, 13,300 pounds; center-of-gravity lomtion, 20.9 per- 
cent of  the mean aeroaynamic chord. 
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gure 42.- Roll entry  into a dive and pull-up in to  an Immelman t u r n .  
A i r p l a n e  weight, 13,700  pound^; center-of-gravity  location, 20.8 per- 
cent of the mean aerodynamic chord. - 
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Figure 43.- Roll entry i n t o  a dive and pull-up i n t o  an hmelmRn turn. 
A i r p l a n e  weight, 13,250 pounds; center-of-gravity l o a t i o n ,  20.9 per- 
cent of the mean aerdynmic chord. - 
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Figure 44.- Dive, pull-up, &rtd quarter roll'entry into an Immelmm turn .  
A i r p l a n e  weight, 13,700 pounds; center-of-pvity locetion, 20.8 per- 
cent  of the mean aerodynamic chord.. 
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Figure 45.- Wing-over. Airplane weight, 12,830 pounds; center-of-gravity 
location, 2 l . O  percent of the mean aerodynamic c h o d .  



NACA RM L52C19 

8 

r 

Time, sec 

Figure 46. - Wing-over. A i r p l a n e  weight, 13,800 pounde; center-of-gmvity 
location, 20.8 percent of the mean aerudyattmic chord. 
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Figure 47.- Wing-over. Airplane weight, 13,750 pounda; center-o'f-gravity 
locatian, 20.8 percent of the mean aerodynamic chord. 
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Figure 48.- R i g h t  turn foll6wed by a wing-over. Airplane weight, 
12,700 pounds; center-of-gravity  location, 21.0 percent of the 
mean aerodynamic chord. 
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-Figure 50.- Split-S, A i r p l a n e  weight, 13,300 pounds; center-of-gravity 

location, 20.9 percent of the mean aerodynamic chord. 
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. . w e  51. - Split-S. A i r p l a n e  weight; 13,300 pounds; center-of-gravity 
location, 20.9 percent of. the mew aeroy'fynamic. ..chord. 
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Figure 92.- Climbing entry i n t o  a spllt-S. A i r p l a n e  weight, 
13,650 pounds; center-of-gravity location, 2l. 2 percent of 
the mean aerodynamic chord. - 
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Figure 53. - Split-S. Airplane weight, 13,500 pounds; center-sf-gravity 
location, 20;g percent- of the =-an sgrodynamic chord. . .  
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Figure 54.- Climbing left turne followed. by a s p l i t 4  and pull-out. 

A i r p l a n e  weight, 13,000 pounds; center-of-gravity location, 21.0 per- 
cent of the mean aerodynamic chord. 
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Figure 54.- Concluded. 

I 



>- 

I- t 

Time, sec 

IWCA RM L5X19 

L 

Figure 55.- Split-S follmed by a right barre1  roll. . A i r p l a n e   w e i g h t ,  
13,250 pounds; .center-of-gr&vity location, 20.9 percent of the mean 
aerodynamic chord. 
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' Figure 56.- Right climbing barrel ro l l s .  Airplane weight, 13,650 pounds; 
center-of-gravity  location, 20.8 percent of the mean aerodynamic chord. 
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Ffgure 58.- Left  barrel roll. Airplane weight, 13,800 pounds; center-of- 
gravity location, 20.8 percent of the mean aerodynamic chord. 
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Figure- 59. - Lef t  barrel roll followed by a ri@t turn. A i r p l a n e  w e i g h t ,  
13,500 pounds;  center-of-gravity  location, 20.9 percent of the m e a n  
aerodynamic chard. 
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Figure 60.- L e f t  bar re l   ro l l .  Airplane w e i g h t ,  l2,250 pounde; center-of- . 
gravity location, 21.1: percent' o f  the m e a n  aerodynamic chord. - 
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Figure 61- - Lef t  barrel r o l l  fbllowed by Fight m d  left cliubing and diving 
t u r n s .  Airplane weight, l2,85O..~ounds.; _:cent_er.-of-gravity location, - 

21.0 per-cent af the mean. aerodynamic chord. 
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Figure 62. - Left barrel roll followed by a left-clfmbing turn. A i r p l a n e  
weight, 12,900 pounds; center-oflgravity location, 21.0 percent of the 
mean aerodynamic chord. 
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Figure 63.- L e f t  barrel rol ls .  A i r p l a n e  weight, 13,900 pounds; center-of- 
gravity location, 20.8 percent of the me- aerodynamic chord. 
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Figure 64.- Pull-up into & left barrel roll. A i r p l a n e  weight, 13,550 pounds; 

center-of-gravity location, 20.9 percent of the mean aerodynamic chord. 
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Figure 65.- Left barrel roll. Airplane  weight, l3,05O.pomds; center-of- . . .. 

gravity location, 21.0 percent of the mean aerodynamic chord. . . . . . . - 
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Figure 67. - L e f t  barrel rolls. Airplane. weight, 13,350 pounds; centebof- 
gravity location, 20.9 percent of the mean &emdynamic chord. 
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Figure 68. - Left  and right barrel rolls. A € r p l a n e  w e i g h t ,  13,300 pounde; 
center-of-gravity location, 20.9 percent o f  the mean aerodynamic chord. 
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Figure 69.- L e f t  and right barrel rolls. A i r p l a n e  weight, 13,750 pounds; 
center-of-gravity location, 20.8 percent of the. mew .aerodynamic chord. 
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Figure 69. - Concluded. 
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Figure 70.- L e f t  and right barrel rOl16"foll .~~ed by a left clAmbing turn. 

A i r p l a n e  weia t ,  13,700 pounds; center-of-gravity' location, 20.8 percent 
of the mean -aerodynamic  chord.. . "  . .  . .  . .  . .  
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Figure 70. - Concluded. 
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. w e  71. - Left and right barrel ro l l e .  Airplane weight, 13,450 pounds; 
center-of-gravity location, 20.9 percent of the mean aerodynamic chord " 
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Figure 72. - Left  and right. barrel  r o l l s  followed by a l e f t  turn. Airplane 
weight, 13,800 pounds; center-of-gravity location, 20.8 percent of the 
mean aerodynamic chord. 
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Figure 72. - Concluded. 
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Figure 73. - L e f t  and r-ight barrel rolls. Airplane weight, 13,530 .pounds; 
center-of-gravity location; - 20.9 perceat .uf the m e a n  aerodynamic chord. 
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Figure 74. - R i g h t  and left barrel  rolls. Airplane weight, 13,100 pounds; 
center-of-gravity  location, 21.0 percent of  the mean aerodynamic chord. 
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Figure 75.- Left and right barrel rOll8. A i r p l a n e  weight, 12,350 pounds; 
center-of-gravity  location, 21.1. percent of the mean aerodynamic chord. 
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Figure 76. - Left and right barrel rolls. .A i rp lane  w e i g h t ,  13,700 pun&; 
center-af-gravity location, 20.8 percent of the mean aerodynamic chord. - .  I.- 
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Figure 7'7. - L e f t  and right barrel mlle. A i r p l a n e  w e i g h t ,  12,200 pounds; 
center-of-gravity location, 21.2 percent of the mean aerodynamic chord. 
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Figure 78. - Right and left barrel  rolla. Airplane weight, -13,150 pamde; 
center-of-gravity  location, 20.9 percent o f  the mean .aerodynamic chord. 
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Figure 79. - R i g h t  and left barrel ro l l s .  A i r p l a n e  weight, 12,830 pounds; 
center-of-gravity location, 21.0 percent of the  m e a n  aerodynamic chord. 
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Figure 79. - Concluded. 
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Figure 80. - L e f t  and right barrel rolls. Airplane weight, 13,100  pound^; 
center-of-gravity location, 21.0 percent of the mean aerodynamic chord. 
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Figure 80. - Concluded. 
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Figure 81. - Dive and pull-out followed by Left and rfght barrel rolls. 
Airplane weight, 13,700 pounds; center-of-gravity location, 21.2 percent 
of the mean aerodynamic chord. 
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Figure 82. - .Dive and pull-out followed by right and left barrel r o l h .  . - .  

A i r p l a n e  w e i g h t ,  13,350 pounb; center-of-gravity location, 20.9 percent 
of the mean aerodynamic chord. 
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Figure 83. - R o l l  entry into a dive, .pull-out, and left and right barrel 
r o l l s  in -a bteep climb. A i r p l a n e  weight, 13,750 pounds; center-of- 
gravity lochtion, 20.8 percent of the mean aerodynamic chord. 
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Figure 84. - R o l l  entry fn to  a dfve  followed by lef t  azld right barrel r o l l e .  
Airplane weight, 13,100 pounde; center-of-gravity location, 21.0 percent 
of the mean aefodyllamic chord. 
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Figure 83. -. Boll- entry i&o a dive,. pull-ou$,- and barrel r o l l ,  and repeat. . . .  
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Airplane  weight, 12,950 pounds; .center-of-gravity -location, 21.0 pe'rcent 
of the mean aerodynamic chord. 
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Figure 85. - Concluded. 
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Figure 87.- Left turns and barrel rol la .  A i r p l a n e  weight, 12,950 pounde; 
center-of-gravity location, 21.0 percent of..the mean aerodynamic chord. 
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Figure 88. - D i v e  and pull-out, left and right barrel r o l l e  followed by 
a right turn. A i r p l a n e   w e i g h t ,  12,900 pounds; center-of-gravity 
location, 21.0 percent of the mean aerodynamic chord. 
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Figure 88.- Concluded. 
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Figure 89. - R i g h t  turn followed by left  ba r r e l   ro l l  and turn. A i r p l a n e  
weight, 13,450 pounds; center-of-gravity location, 20.9 percent of  
the mean aerodynamic chord. 
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Figure 9.- Diving left turn, pull-up, and left and right barrel r o l l s .  
Airplane weight, 12,650 pounds; center-of-gravity location, 21.1 percent 
of the m e a n  aerodynamic chord. 
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Figure 91.- R i g h t  t m  followed by a right barrel ro l l .  AFrplane weight, - .  
" 

13,500 pounds; .celiter-of-gravity location, 20.9 percent of the mean 
aerodynamic chord. 
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Figure 92. - Left turn followed by right and left barrel r o l l s .  AirpLane 
weight, 13,400 pounds; center-of-gravity location, 20.9 percent o f  the 
mean aerodynamic chord. 



148 

5- 

a 
E 

c 6 

Time, sec 

X lo3 

t 
p' 

*. - Figure 93.- Dive, pull-out, and climbing slow r o l l  followed 'by a left ., 
"-: 

- .  

turn. -Airplane weight, 12,850 pounds; center-of-gravity location, 
21.0 percent. of the mean aerodynamic chord.. 

" "_ . -. . 



NACA RM L52C19 

Time, sac 
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Figure 94.- L e f t  turn: Airplane weight; 13,800 pounds; center-of-gravity 
location, 20.8 percent of the mean  aerodynamic  -chord. 
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Figure 95.- Left turn. Airplane w e i g h t ,  13,650 pounds; center-of-gravity 
location, 21.2 percent of the mean aerodynamic chord. 
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Figure 96.- Left turn. Atrplane w e i g h t ,  13,850 pounds; center-of-gravity 
location, 20.8 percent of the mean aerodynamic chord. 
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Figure 97.- Left turns. Airplane w e i g h t ,  13,500 pounds; center-of-gravity 
location, .2(1.9 percent of the m e a ,  aerodynamic chord. 
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Figure 98.- Left turns. Airplane  weight, 13,250 pounds; center-of-gravity 
location, 20.9 percent of the mea aerodynamic chord. 
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Ffgure 99.- Left turn. Airplane w e i g h t ,  12,950 pounds; center-of-gravity 
location, 21.0 percent of the mean'aemdynamic chord. - 
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Figure 100.- L e f t  turn. Airplane w e i g h t ,  12,850 pounds; center-of-gravity . 
location, 21-0 pe-rcent o f  the mean aerodynamic chord. . ." 
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F i m  101. - Left tuh. A i r p l a n e  weight, 12,650 pounds; center-of-gravity 
location, 21.1 percent of the mesn aerodynamic chord. 
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Figure 102. - Left  turn. Airplane w e i g h t ,  13,900 pounde; center-of-gravity 
location, 20.8 percent of the mean aerodynamic chord. 
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l o a t i o n ,  20.9 percent of the m e w  aerodynamic chord. 
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igure 104.- L e f t  turn. Airplane weight, 13,650 pounds; center-of-gravity 
locatfon, 20.9 percent of the me" aerodynamic chord. 
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Figure 105.- L e f t  turn. Airplane weight, 13,850 pounds; center-of-gravity 
location, 20.8 percent of the mean aerodynsmic chord. 
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location, 21.0 percent of the mean aerodynamic chord. 
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Figure 107.- Right  turn. Airplane w e i g h t ,  13,050 pounds; center-of-gravity 
location, 21.0 percent of the mesn aerodynamic chord. 
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Figure 108.- R i g h t  turna. Airplane weight, 13,300 pounds; center-of-gravity 
location, 20.9 percent of the mean aerodynam'ic chord. 
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Figure 109.- Right turns. Airplane weia t ,  13,850 pourrds; cen€er-of-gravity 
location, 20.8 percent of  the mean aerodynamic chord. 
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igure 110.-.Right turn. Airplane weight, 13,430 pounds; center-of-gravity 
location, 20.9 percent of the mean aerodynamic chord. 
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Figure 113.- Concluded. 
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Figure ll3.- L e f t  t u r n ,  clfmbing right turn followed by left and right 
turn. A i r p l a n e  weight, 11,950 pounds; center-of-gravity locatfon, 
21.2 percent of the mean aerodynamic chord. 
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Figure 116.- Right and left turns. Afrplane weight, 12,950 pounde; 
center-of-gravity location, 21.0 percent of the mean a e r o d p d c  
chord. 
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Figure 117.- Sharp left tu rn .  Airplane weight, 11,750 pounds; center- 
of. gravity location, 21.6 percent of the . m e a n  aerodynamic choltl. 
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Figure 118.- Sharp  left t u rn .  Airplane weight, 11,950 pounds; center-. 
of gravity location, 21.2 percent of  the mean aerodynamic chord. 
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Figure 120.- Sharp left  turn. Airplane weight, 12,650 pounds; center- 
of gravity location, 21.4 percent of the mean aerdynamic chord. 
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Figure 121.- Sharp lef't turn. A i r p l a n e  weight, 12,700 p.ounds; center- 
of gravity location, 21.0 percent of the mean aerodynamic chord. 
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Figure 122.- Sharp lef t  turn... Airplane weight, 12,100 pounde; center- 
of-gravity location, 21.2 percent of the mean aerodynamic chord. 
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Figure 123.- Sharp l e f t  turn. Airplane weight, 12,400 pounds; center- 
of-gravity location, 21.1 percent of. the me& aerodynamic chord. 
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Figure 124.- Sharp 1eft . tur-n.  Airplane weight, 13,250 pounds; center- 
of-gravity  location, 20.9 percent of t h e  mean aerodynamic chord. - 
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Figure 125.- Sharp le€% t u rns .  A i r p l a n e  weight, 13,750 pounda; center- 
of -aav i ty  locati.on, 20.8 percent of the wan aerdyn&mic chord. 
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Figure 126.- Sharp left tufns. .Airplane weight, 12,900 pounds; center- 
of-gravity locat ion,  21.0 percent of the mean aercdynamic chord. 
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Figure 127.- Sharp l e f t  tu rn .  Airplane weight, 12,350 pounds;’ center- 
of-gravity location, 21.1 percent of the mean aerodynamic chord, 
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Figure 128.- Sharp right turns. Aimlan..weight, 13,600 pounde; center- 
of-gravity locatian, 20.9 percent of  the mean aerodynamic chord. 

# 

-c " 

. " 



NACA RE4 L5X19 

? 

. 

Time, sec 

Ffgure 129.- Sharp right turns. A i r p l a n e  weight, -0 pounds; center- 
I3SSO 

of-gravity location, 20.9 percent of the mean aerodynamic chord. 

I 

i 



c n 

>- 
E, 

1 14 

- I2 

i IO 
; e  
- 8  
= 4  
- 0  
- 4  
- a  
e 12 

: 4  
- 8  

- 0  
- 4  
- 8  

12 

- 6  - 
3 4  

-.O 

2 
0 
-2 

2 
I 
0 

- I  
-2 

4 
2 
0 
2 
4 
6 
R 

' XI@ 

;t 

P 

" 

. 
.. 

. .  

= 

. 1. 

." " 

" 

. . . " . " 

Time, sec 

Figure 130.- Sharp left  and right t u rns .  A i r p l a n e  w e i g h t ,  13,150 pounds; 
center-of-gravity location, 21.3 percent of the mean a e d y n a m i c  chord. 
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. w e  131.- Sharp right and left turne.  Airplane weight ,  12,700 pounde; 
center-of-gravity locatfon, 21.0 percent. of the mean aeroaynamic chord. 
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Figure 132. - Sharp left and right turne. - A i r p l a n e  weight, 12,500 pounde; 
center-of-gravity location, 21.1 percent of the mean aerodynamic chord. 
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Figure 134. - Sharp right and left turns. Airplane weight, 13,600 pounds; 
center-of-gravity location, 20.9 percen't of the mean aerodynamic chord. 
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Figure 136.- Gentle l e f t  climbing t u r n .  Airplane weight, 14,100 pounds; 
center-of-gravity  location, 20.8 percent of the m e a n .  aerodynamic chord. 
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gure 138.- Gentle right climbing turn.  A i r p l a n e  weight, 14,050 pound6 
center-of-gravity  location, 20.8 percent of the mean aerodynamic chor 
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Figure 139.- Gentle left  and right climbing turns. Airplane weight 
14,030 pounds; center-of-gravity  locaticm, 20.8 percent of the mea 
aerdynamic chord. 
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Figure. 141. - L e f t  climbing turn. Airplane weight, 14,050 pounds; center- 
of-gravfty location, 20.8 percent of the mean aerodynamic chord. 
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Figure 142.- L e f t  climbing turn. A i r p l a n e  weight, 14,100 pounds; center- 
of-gravity location, 20.8 percent of the mean aerodpamlc chord. 
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ngure 143.- Left climbing turn. Airplane weight, 13,850 pounds; center- 
of-gravity location, 20.8 percent of the mean aerodynamic chord. 
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Figure 144.- Right climbing' turn. A f r p l a n e  weight, 14,000 pounds; center- 
of-gravity location, 20.8 percent of the mean aerodynamic chord, 
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Figure 146.- R i g h t  and l e f t  climbing turns. A i r p l a n e  weight, 13,950 pounds; 
center-of-gravity location, 20.8 percent of the mean aer-c chord. 
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Figure .147. - Left and right clfmbing t u rns . .  A i r p l a n e  weight, 12,050 pounds; 
center-of-gravity location, 21.2 percent of the mean aeroaynamic chord. 
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Figure 148.- Sharp left cllmblng tu rn .  A i r p l a n e  weight, 14,050 pounds; 
center-of-gravity location, 21. I percent. of the mean aerodynamic chord. " 
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Ffgure 149.- Sharp left clfmbing turn.  Airplane weight, 13,100 pounds; 
center-of-gravity location, 21.0 percent of the mean aerodynamic chord. 
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Figure 151. - Left c l imb ing  and diving tu rn .  A i l p l a n e  weight, 11,850 pounds; 
center-of-gravity location, 21.2 ‘percent of the mean aerdynmic chord. 
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Figure 152.- LeFt diving and climbing turns. A i r p l a n e  weight,' 12,650 pounds; 
center-of-gravity location, 21.0 percent of t he  mean aerodynamic chord.. 
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Figure 1535- Left climbing and diving turns. Airplane wei&t, 12,400 pounds; 
center-of-gravfty location, 21.1 percent of the mean aerod-c chord. 
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Figure 154.- L e f t  climbing-aiid diang turns. Airplane weight, 13,350 pounds; 
center-of-gravity location, 20.9 percent of the mean aemdynamlc chad. 
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Figure 155.- Right climbing and diving turn. A i r p l a n e  weight, 12, pounds; 
center-of-gravity  location, 21.1 percent of the mean aerodynemfc chord. 
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Figure  156.- Sharp left t u r n  and right cllmbing t u r n  followed by a l e f t  
diving t u rn .  Airplane weight, 12,700  pound^; center-of-gravity 
location 21.0 percent of the mean aerodynamic chord. 
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Figure 137.- R i g h t  and left climbing turns followed by 8 left diving 
turn.  Airplane weight, 12,100 pounds; center-of-gravity lo'catfon, 
21.2 percent of the mean aerodynamic chord. 
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Figure 1%. - L e f t  and right diving and climbing turns.  A i r p l a n e  weight, 
12,330 pounda; center-of-gravity location, 21.1 percent of the mean 
aerodynamic chord.. 

. " 



NACA RM L5X19 

E 
5- 

t 

I- E 

- al 
0 

U 
C 

I 

- t  
rf 

. .. . . .. 
". 

.. . .  _ "  
. . . . -. . 

,. - "" 

r 

.. - 
-! 

. .  
. .- 
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13,250 pounde; center-of-gravity locatian,  20.9 percent of the mean 
aerodyaaslic c h o d .  - 
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Figure 159.- Concluded. . 
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Figure 160.- Right and left  diving and climbing turn. Airplane weight, 
12,800 pounds; center-of-gravity location, 21.0 percent of the mean 
aerodynamic chord.. 
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Figure 161.- Le'ft climbing turn followed by a right.turn. Airplane weight, 
12,900 pounds; center-of-gravity locatiwi, 21.0 percent of  the mean &er+ 
dynamic chord. - -  - 
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Figure 162.- R i g h t  and l e f t  diving and climbing turns. A i r p l a n e  w e i g h t ,  
12,830 pounda; center-of-gravity location, 21.0 percent of the mean 
aerodynamic chord. 
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Figure 162.- Concluded. 
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Figure 163. - Dive and pull-out  followed by  left and right climb- and 
d i v h g  turns. A i r p l a n e  weight, 12,650 pounds; center-of-gravity 
location, 21.0 percent of the mesa aerodynamic chord. 
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Figure 164.- Left turn fol lared by a right climbing turn. Airplane 
weight, 12,150 pounds; center-of-gravity  location, 21.2 percent of 
the mean aerodpam2.c chord. - 
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Figure 165.- Right diving t u r n  and gull-out, left and right climbing 
half-rolle follared by fishtails. AirpLane weight, 14,000 pounds; 
center-of-gravity loca t ion ,  21.1 percent of the mean aerodynamfc 
-h0rd. . .. - 
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Figure 165.- C a n c l u d e d .  
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Figure 167.- Sharp right diyFngand climbing turn followed by a left 
barml roll. Airplane weight, 14,150 pougds; .center-gf-gravity 
location, 21.1 percent .of. the mesa aerodynawc chord. 
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Figure 167. - Concluded. 
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Figure 168.- sharp right gx.left climbing and diving turn. Airplane . 

wei&t, E, 500 po-a; center-of-gravzty fo-a-ti-ji, U .  i percent -of 
the mean aerodynamic chord. 
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Figure 169.- . G e n t l e  left and right diving turns. Airplane weight,. 
13,500 ppunds; center-of-gravity iocatim, 20.9 percent of the 
mean -aerodynamic chord. 
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Figure 170.- Gentle right and left diving turne. Alrplane weight, 
13,900 pounds;. center-of-gravity location, 20.8 percent of the 
mean aeroaynamic chord. 
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Figure 172.- Left divlng turn. A i q l a n e  weight, 13,700 pomda; center- 
of-gravity location, 21.1 percent of the mean aerudynaslrc chord. 
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Figure 174. - L e f t  diving turna. Airplane weight, 11,950 pounde; center- 
of-gravity  location, 21.2 percent of the mean aerodynamic chord. 
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Figure 174. - Concluded. 
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Figure 175.- Left diving turn. Aiqlane weight, 12,700 po&e; center- 
of-gravity  location, 21.0 percent of the mean aercdynamlc chord. - 
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Figure ,176.- Left diving turn .  A i g l a n e  weight,_ 12,650 pounds; center- 
of-gravity location, 21.1 percerit of. the r&an aerodynamic chord. 
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Figure 177.- Left diving turns. Airplane weight, 12,850 pounds; center- 
of-gravity location, 21.0 percent of the mean aer-c chord. 
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Figure 177. - Concluded. 
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Figure 178. - R i g h t  diving turn and pull-out . A i r p h n e  weight, 12,950 pounde; 

center-of-gravity locaticm, 21.3 percent of the 'mean aerodynamic chord. - 
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Figure 179; - R i g h t  diving tu rns .  Airplane weight, 13,800 pounds; center- 
of-gravity location, 21.1 percent of  the mean aerodynamic chord. 
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Figure 180.- R i g h t .  diving turn. A i r p l a n e  weight, 13,400 pounds; center- 
of-gravity location, 21.2 percent of the mean aerodynamic chord. 
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Figure 182. - Right diving t u r n  and pull-up. Airplane weight, 13,450 pounds; 
center-of-gravity  location, 20.9 percent of the mm aercdynamic chord. 
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Figure 183.- Concluded. 
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Figure 184. - R i g h t  disririg t u r n s .  Airplane weight, 13,100 pounds; center- . ' 

of-gravity location, 21.0 percent of the mean aerodynamic chord. 
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Figure 186.- R i g h t  and left  diving tu'ks.  Airplane might, 12,800 pOUTld6; 
center-of-gravity  location, 21.0 percent of the mean aeroaynamic chord. 
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Figure r86. - Concluded. 
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Figure 187.- L e f t  and right diving turns and a pull-out. A i r p l a n e  weight, 
12,800 pounds.; center-of-gravity location, 21.0 percent of the mean 
aerdynmic chord. 
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Figure L88.- Sharp left  diving turn and recovery. Airplane weight, 
13,100 pounde; center-of-gmvity location, 21.0 percent of the 
mean aerodynamic chord. 
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Figure 189. - Sharp  left  diving turn and pull-out. Airplane weight, 
12,750 pounds; center-of-gmvity .iocati-&,-..Zl. 0 percent of -the 
mean aerodynamic chord. 
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Figure 190.- Sharp l e f t  turn. A i r p l a n e  w e i g h t ,  13,650 pounds; center- 
of-gravity  location, 20.8 percent of the mean aerdynamic chord. 
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Figure 191.- Sharp right disring.turn. A i r p l a n e  weight, 12,800 p ~ u n d ~ ;  . .  

center-of-gravity  location, 21.1 percent;. of &. inea aer-c 
Chord. 
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Figure 192.- Sharp right diving turn .  A i r p l a n e  weight, 12,600 pounds; 
center-of-gravity  location, 21.1 percent of the mean aer&ynm.uk 
Chord. - 
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Figure 19%- Continued. 
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Figure 193.- Sharp left and right diving t-8, Airp-e weight, 
13,400 pounds;. -center-of-gravity location, X). 9 percent of the 
mean aercdynamic chord. 



t 

. 
Figure 193. - Concluded.. 



286 HACA RM L52C19 

2( 

18 
6 

5 

4 

3 

1 8  
4 
0 
4 
0 

.8 

.4 

0 

-.4 

2 
0 
-2 

2 
I 
0 

-I 
-2 

4 
2 
0 
2 
4 
6 
8 

I 1 0  
0 10 

16 

14 

. .  
. " 

4 

2 

t 

k- E -2 
. I  
0 

-.I 
-. 2 

. I  
0 

" 

.. 

- 
40 20 50 

Time, s8c 

9 .  

" 

Figure 194. - Sharp-right and lert . diving turns. Airplane might, 
13,350 pounds; center-of-gravity  location, 20.9 percent of the 
mean  aercdynamic chord. 
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Figure 194.- Continued. 
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Figure 196.- Approach t o   t h e  stall.. A i r p l a n e  weight, 13,550 pounds, 
center-of-gravity  location, 20.9 percent of the mean aeroaynamic 
chord. 
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Figure 196. - Concluded. 
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Figure 197.- Approach to the stall. Airplane weight, 13,400 pounds; 
center-of-gravity location, 20.9 percent of  the meaiaeradyaamic 
chord. 
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Figure 198.- Approach t o  the stall. Airplane might, 13,300 pounds; 
center-of-gravity location,. 20.9 percent of t he  mean ,aerdynamic 
chord. 
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Figure 199. - Concluded, 
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200.- Landing. -A i rp lane wei&.t, E,100 .porn&; center-o 
location, 21.2 percent af the mean.aerodynamic chord. - 
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Figure 200. - Concluded . 
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FPgure. 201.- Lmding. Ai rp lane  weight, 12,630 pounde; center-of-gravity 
location, 21.0 percent af the m e a n  aemidynbic chord. .. 
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Figure 202.- Le% sideslip  foUwed by a dive and pull-out. A i r p l a n e  
weight, 13,250 poundi; center-of-gravity locstion, 20.9 percent of  
the mean aerodynamic chord. - 
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"igure 204.- R i g h t  diving a ides l ip .  A i r p l a n e  w e i g h t ,  13,320 pounds; 
center-of-gravity loCation, 20.9 percent of the mean aerodynamic 
chord. 
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Figure 205". B i g h t  s i d e s l i p .  Airplane weigJrt, 12,350 pounds; center-of- 
gravity location, 21.1 percent of the mean aerodynamic' chord. 
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Figure 206. - Left and right sideelips. A i r p l a n e  w e i g h t ,  13,700 pounde; 
center-of-gravity location, 20.8 percent of the mean aerodynamic chord. 
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Figure 207. - Left dfving turn, steady l e f t  snd right s ides l ips  followed 
by a right climbing turn. Airplane weight, 13,600 pounds; center-of- 
gravity location, 20.9 percent of the mean aerodynamic chord. 
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Figure 207. - Concluded. 
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Figure 208. - Left  and right ~iidealips. Airplane welght, 13,550 pounds; 
center-of-gravity location, 20.9. percent of the mean aerodynamic chord. 
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Figure 210. - Left and right sideslips. Airplane weight, 12,350 pounds; 
center-of-gravity location, 21.1 percent of  the mean aerodynamic chord. 
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Figure 211. - L e f t  and right s.idealips:. Airp lane . . .  we.i&t, .l.&050 pounde; 
center-of-gravity  location,. 20.8 percent of the m e a n  aerodymmic chord. 
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Figure 2U. - Left and right a ides l fps  followed by fiahtails. A t r p l a n e  
weight, 13,100 pounds; -center-of-gravity location, 21.0 percent of 
the mean aerodynamic chord. 



NACA RM ~5x19 

>- 

I 

I- E 

5 

4 

3 

2 

5 8  
4 
0 
4 
8 

.8 

.4 

0 

-.4 

78 

2 
0 
-2 

2 
, I  
0 

-I 
-2 

4 
2 
0 
2 
4 
6 
8 

IO 
0 IO . 20 30 

Time, sec 

X lo3 

i 

.. . .. & 

c 

. .. 
. .  

Figure 213." Fishtai ls .  A i r p l a n e   w e i g h t ,  13,300 powda; center-of-gravity 
location, 20.9 percent af- the mean aerodynamic chord. 
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Figure 214.- Fish taf l s .  AfrpLane weight, 12,300 pounds; center-of-gravity 
location, 21.1 percent of the mean aerodynamic chord. 
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Figure 215. - Ffehtai ls .  A i r p l a n e  weight, 12,250 pounds; center-of-gravity 
\ 

location, 21.1 percent of the m e a n  aerodynamic chord. 
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Figure 217.- L e f t  and right barrel rolls. Airpl8,g.e might, 13,300 pounds; 
center-of-gmvity location, 20.9 percent of the mean aerodynamic chord. 
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Figure 2l-8.- Lef't barrel r o l l s .  A i r p l a n e  weight, 12,600 pounds; center- 
of-gravity location, 21.1 percent of the mean aerodynamic chord. 
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gure 219. - Rol l  entry- i n t o  a dive , .p ul l -out ,  and left -el roll. 
A i r p l a n e  weight, l3> 5 0  p o u d d ; -  center-.of-grayi.ty location, X). 9. per- 
cent af the mean aerodynamic chord. 
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Figure 220.- L e f t  diving t u r n  W pull-up followed by a right barrel roll. 
Airplane weight, 12,830 pounda; center-of-gmvity location, 21.0 pounds 
cent of the mean aerodynamic chord. 
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Figure 221.- Right and lef t  diving turns followed by a left climbing 
turn. AirpLane weight; 13,050 ppunds; center-of-gravity locati-on, 
21.0 percent of the mean aerodynsfic chord. 
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Figure 221.- Concluded. 
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Figure 222.- Right -and- left  .diving and climbing turns. A i r p l a n e  weight, 
12,800 pounds; center-of-gravity location, 21:O percent of the mean 
aerdyna,rnic chord. 
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Figure 222.- Concluded . .  
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Figure 223.- L e f t  diving t u r n  followed by a rlght climbing and diving 
turn. A i r p l a n e  weight, 12,700 pounas; center-of-gravvity location, 
21.0 percent of the . j n e t h n  aerdynamic .&o-&.- -. " 
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Figure 223. - Concluded. 
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Figure 225.- Comparison of maximum measured n o m 1  load factors with the 
operatioaal V-n diagram. - 
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Figure -226.- Variatton of m&ximllm traneverae load factor with indicated 
airspeed, . .  
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c Figure 227.- V a r h t i c m  of maximum pitching acceleratfon with indicated. 
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Flgure 228.- Variation of maximum rolling acceleration with indicated 
airspeed. 4 
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